INTRODUCTION
Coastal shallow-water organisms show multiple movement patterns varying in space and time throughout their life cycles. Home range movements, defined as those undertaken by organisms routinely to feed, rest or defend a territory, constitute a significant part of these patterns. Two short-term cycles may influence coastal organisms' home range movements: tides and light intensity changes (Gibson 1992 , Palmer 2000 , Pittman & McAlpine 2003 , Tolimieri et al. 2009 ). Although widely recognised as a force affecting coastal organisms, tides are often neglected in studies aimed at identifying processes responsible for spatial changes in coastal shallow-water community distribution (Gibson 1999) .
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Resale or republication not permitted without written consent of the publisher maximum tidal amplitude of 2.3 m. On the other hand, on reefs of Tulear (Madagascar), an area with semidiurnal tides and tidal ranges between 2 and 4 m, Vivien (1973) found that the fish response to daily tidal variability was species-specific, with groups of species that apparently did not show any response to tides and some other groups moving from deeper reef to inner reef zones at high tide. The varying results suggest the need for a more comprehensive understanding of the influence of tides on reef fish distribution in meso-and macrotidal areas of the world.
The ecological functions of fish intertidal migrations are commonly linked with benefits associated with increased food availability and a reduction in predation risk (Norton & Cook 1999 , Gibson 2003 . These benefits, however, may vary among different intertidal systems (i.e. mangroves, seagrasses and rocky shores). For example, on sandy beaches and rocky shores, resources are concentrated around lower intertidal levels (Lubchenco et al. 1984 , Ansell & Gibson 1990 ), whereas in mangrove forests, resources are concentrated around the above-ground root system at higher intertidal levels (Koch 1999) . Sheaves (2005) suggested that due to the presence of abundant benthic prey and structural complexity, mangrove intertidal areas are unique habitats in which juvenile fish abundance and species richness are greater than in other shallowwater habitats.
The tropical eastern Pacific (TEP) is predominantly a meso-and macro-tidal (range 2 to > 6 m) region where fish responses to tidal fluctuations have been poorly investigated. Most reef fish monitoring methodologies in the area (e.g. Garzón-Ferreira et al. 2002) do not acknowledge the potential bias on density estimates that may arise from sampling at different tidal stages. This may confound comparisons between sites and may considerably reduce the statistical power of between-treatment comparisons (Willis et al. 2006) . Estimating the short-term temporal variability induced by tides in reef fish assemblages will help to better account for this potential systematic bias in experimental and monitoring studies.
Tidal influences on fish assemblages may arise from 2 sources of variability: the instantaneous effect of tidal state that controls the accessibility of intertidal habitats (flood, high, ebb and low tide) and the amplitude of the tidal range (i.e. spring versus neap tides) that controls the accessibility of higher shore habitats.
We aimed to identify the importance of tidal water level changes in reef fish distribution, and at the same time characterise the role that rocky intertidal areas might have as temporarily accessible habitats. Five specific questions were posed: (1) What is the fish species composition in rocky intertidal and subtidal habitats at 4 sites on the Colombian Pacific coast?
(2) Are there differences in the structure of the fish assemblages in intertidal or subtidal zones over spring/neap cycles (tidal amplitude)? (3) Are there variations in the structure of subtidal fish assemblages over tidal stages (low, flood, high and ebb tide)? (4) At high tide, are there differences in the structure of fish assemblages between the rocky subtidal and the intertidal zones? (5) If significant variation with tidal state and/or amplitude is found, which species utilise intertidal habitats, and how important are these habitats to the local assemblage?
MATERIALS AND METHODS
Study area. The TEP, extending from ca. 25°N to ca. 4°S (Robertson & Cramer 2009) , is considered the most isolated marine biogeographic province of the world (Robertson et al. 2004 ). This isolation is due to the emergence of the Isthmus of Panama 3.1 myr ago (Coates & Obando 1996) and a 5000 to 7000 km uninterrupted deep-water gap that has separated the province from the western and central Pacific for the past 65 myr (Grigg & Hey 1992) . The continental shelf along the province's coastline is very narrow with a mosaic of estuaries, mangrove forests, sandy beaches and rocky shores with few coral reef areas (Glynn & Ault 2000) .
Utría is a national protected area in the Colombian Pacific (5°53' to 6°11' N, 77°9' to 77°24' W) that includes 15 000 ha of seabed. The most conspicuous geological feature within the park is the Utría Sound, which is 4 km long and 800 m wide at low tide with a south-north orientation and average depth of 30 m (Fig. 1) . Rocky intertidal and subtidal shorelines constitute the predominant seascape of the park. Rains occur throughout the year with a small decrease during December to April (annual precipitation: ca. 7 m). Tides are semi-diurnal with tidal ranges of ca. 2 to 3 m at neap and 3 to > 4 m at spring tides, with flood and ebb tides being symmetrical.
Sampling design. During a preliminary field trip to Utría National Park in September 2007, several sites in the inner and outer part of the sound were visited. Four sites were selected according to a qualitative assessment of similarities in intertidal and subtidal areas (depths, slopes, inundated intertidal areas, substratum cover; Fig. 1) .
In a subsequent field trip in November, 9 permanent 25 × 2 m transects at each of the 4 selected sites were established at neap tide and marked with painted stones (36 transects in total). Three transects were located at medium intertidal, low intertidal and subtidal zones using mean emersion time as a proxy of the transect's intertidal height. Slack high and low water corresponded accurately to the tide tables from the nearest point (Bahía Solano; IDEAM 2006 IDEAM , 2007 . Low intertidal transects were established in zones that could be surveyed 3 h after slack low tide; medium intertidal transects were submerged 1 h before slack high water (>1 m water depth). Subtidal transects were established at water depths < 3 m at low tide. Replicate transects at the 4 sites were chosen, attempting to be as similar as possible in substratum cover to avoid confounding effects of this factor.
From November to December 2007 and from the end of January to the beginning of March 2008, weekly underwater visual censuses (UVCs) were made at the 4 sites (1 site d -1 ) in the previously defined strip transects using snorkelling gear. Fish observations were made during most of the daylight tidal cycle covering low water, flood, ebb and high water periods. Sampling time during the week was selected according to the days with the greatest or lowest tidal amplitude during spring or neap tide periods, respectively (1 or 2 d after each lunar phase). Due to the time delay of the tidal cycle with respect to the diel cycle, slack high water occurred between 9:00 and 11:00 h at neap and between 15:00 and 17:00 h at spring tides. Slack low water occurred between 15:00 and 17:00 h at neap and between 9:00 and 11:00 h at spring tides. Counts were restricted to when water transparency was > 3 m. Reduced visibility was infrequent and occurred only when heavy rains preceded censuses or when material was suspended at some spring tidal stages.
Data treatment. We used permutational multivariate analysis of variance (PER-MANOVA, Anderson 2001) to test hypotheses about differences in fish assemblages between sites, depth zones (intertidal versus subtidal), tidal stage (low water, flood, high water and ebb) and tidal amplitude (spring versus neap). This 'semi-metric MANOVA' constructs an analogue Fisher's F-test statistic based on any measure of dissimilarity and obtains p values using permutations. PERMANOVA, like analysis of similarities (ANOSIM) and other similar multivariate tests, may be sensitive to differences in the dispersion of points (analogous to heterogeneity of variance in univariate tests). Hence, the routine PERMDISP (a test of homogeneity of multivariate dispersion, analogous to the univariate Levene's test) was used to check that statistically significant differences between groups detected with PERMANOVA were not an artefact of differences in dispersion among groups (Anderson 2006 , Anderson et al. 2008 . To visualise multivariate patterns revealed by PER-MANOVA, we used a combination of unconstrained and constrained ordination techniques: principal coordinate analysis (PCO, a parametric analogue of multidimensional scaling; principle component analysis is a form of PCO that uses Euclidean distance as the distance measure) and canonical analysis of principal coordinates (CAP, Anderson & Willis 2003) . CAP is a form of canonical discriminant analysis, based on any distance measure, that uses PCO axes to search for the vectors in multivariate space that maximise the differences among a priori defined groups. The species responsible for any differences were then identified based on the strength of their correlation with the canonical discriminant axes. All multivariate analyses were done using the PER-MANOVA+ for PRIMER software (Anderson et al. 2008 ). The identities of species responsible for patterns were determined using correlations of the individual species variables with the PCO or CAP axes of the ordinations (Anderson & Willis 2003) . All multivariate analyses were based on Bray-Curtis distances calculated from squareroot transformed data. The 5 questions posed in the Introduction were addressed as follows.
Question 1: Site and depth zone differences were determined using a combination of descriptive statistics and CAP.
Question 2: The effects of tidal amplitude (neap versus spring tides) on fish assemblages in subtidal and intertidal habitats could not be tested using data collected over all 4 tidal stages, since intertidal data cannot be collected at low tide. Therefore, the effect of tidal amplitude was tested using data collected during flood tide, high tide and ebb tide. Separate tests were done for intertidal and subtidal zones, because of large compositional differences in fish assemblages between the 2 zones (see Results). PERMANOVA analyses were conducted on square-root transformed data, treating the factor Site as a random effect. CAP was also used to examine differences in spring and neap tide data.
Question 3: Variation in the structure of fish assemblages with tidal stage was examined using a Site (4 levels; random) × Stage (4 levels: low water, flood, high water and ebb tide; fixed) model on subtidal transect data with the spring and neap tide data pooled. Since sites varied considerably in their composition, individual CAPs for tidal stage were performed for each site to observe in more detail the differences between tidal stages.
Question 4: Subtidal fish assemblages were compared to intertidal assemblages using a combination of PERMANOVA and CAP conducted on high tide data. The PERMANOVA was a 2-way mixed model testing the effects of site (random effect) and zone (fixed effect). CAP was used to visualise differences between 8 groups (4 sites × 2 zones). Species responsible for differences along the CAP axes were determined as above, with those species having a frequency of occurrence > 0.2 and correlations > 0.4 considered to have made a significant contribution to the separation of groups (Anderson & Willis 2003) .
Question 5: To determine the effects of tidal stage on counts of key fish species (identified from the CAP analysis of sites × zones), we used a generalised linear model to estimate differences in density of subtidal counts at high and low tide. Since count data are generally overdispersed and have heterogeneous variances (i.e. the standard deviation tends to increase with the mean), the data were modelled using a loglinear model structure assuming a Poisson distribution. These models express the counts, Y, as
Y~ Poisson(λ)
( 1) where Poisson(λ) denotes a (possibly overdispersed) Poisson distribution with expected value of λ, and log(λ) is modelled as a linear function of the effects. For example, the count of a species in replicate j at site i and depth k is modelled by
where α and β denote effects due to site and depth, respectively. The right-hand side of this equation can be modified to include any interactions of interest. Log-linear model analyses were conducted using SAS.
RESULTS

Fish assemblage composition (Question 1)
We counted a total of 66 846 fishes from 106 species and 41 families in 661 transect observations (intertidal and subtidal). Nine families accounted for 52% of the total number of species: Carangidae, Haemulidae, Labridae, Lutjanidae, Muraenidae, Pomacentridae, Scaridae, Serranidae and Tetraodontidae. The most abundant species were Thalassoma lucasanum, Stegastes acapulcoensis and Chromis atrilobata, representing 48% of all the fishes counted.
In 299 transects completed in intertidal areas, a total of 17 836 fishes were counted, and 73 species grouped in 30 families were observed. Pomacentridae and Labridae were the most important families in number of species and individuals. Thalassoma lucasanum, Stegastes acapulcoensis and Halichoeres notospilus accounted for most of the individuals (19, 18 and 16%, respectively). Another 3 pomacentrids (Abudefduf concolor, A. troschelii and Microspathodon bairdii) were also abundant (Table 1) .
Benthic reef species were found to be the most important component of the intertidal fish assemblage, accounting for ca. 85% of the total abundance. The remaining 15% contained reef ubiquitous and pelagic species from the Kyphosidae (Kyphosus elegans and K. analogus), Mugilidae (Chaenomugil proboscideus and Mugil curema), Carangidae (Caranx caninus and C. sexfasciatus), Belonidae (Tylosurus pacificus and T. crocodilus fodiator) and Lutjanidae (Lutjanus spp.). Although individual size was not recorded during censuses, intertidal reef ubiquitous and pelagic species were generally larger than intertidal benthic reef species.
Twenty-seven species were found at all 4 intertidal sites sampled, indicating their status as regular visitors. In contrast, 30 species were seldom found in these intertidal sites (<10 individuals) having low frequency of occurrence, and can be considered as accidental visitors (Table 1) . Other species were abundant in the intertidal areas at single sites (i.e. Caranx sexfasciatus and Tylosurus pacificus), suggesting site preferences of these species.
Fish assemblage variation over spring/neap tides (Question 2)
Analysis of the effect of tidal amplitude was based on 3 (high tide, ebb tide, flood tide) of the 4 tidal stages, since data could not be collected at low tide in the intertidal zone. In subtidal zones, the PERMANOVA analysis showed significant differences in fish assemblages among sites, but not between spring and neap tides (Table 2 ). This was further confirmed by the CAP analysis, which showed little differences between spring and neap tide multivariate data (Table 3 ). The overall leave-one-out allocation success in the discriminant analysis was 59.2%, which is very near a value suggesting a random distribution of samples (50% allocation success) when considering only 2 groups (spring and neap). Hence, fish assemblages of subtidal transects did not differ consistently between spring and neap tides.
In the intertidal zone, the effects of Site and Amplitude were both statistically significant, as was the interaction between them (Table 2) . Variation in multivariate dispersion was not the cause (PERMDISP, p > 0.15 at all 4 sites), so sites were subjected to PCO ordination separately, which showed that there were differences between spring and neap tides at Cocalito 1, some differences at Cocalito 2, but no difference at the remaining 2 sites (Fig. 2) , which explains the significant interaction term. The Amplitude difference at both Cocalito sites was primarily due to higher densities of Mugil curema found in intertidal habitats during neap tides (see biplots overlaying, Fig. 2 ). These differences were reflected in the CAP analysis, which returned a somewhat higher allocation success to spring tides (Table 3) . Hence, differences between spring and neap tide intertidal assemblages were only observed at 2 sites on which the presence of a single species accounted for most of the variation at neap tides.
Subtidal fish assemblage variation with tidal stage (Question 3)
A 2-way mixed-model PERMANOVA using subtidal data (4 sites × 4 tidal stages; tidal amplitude was omitted on the basis of the result above) showed significant differences in fish assemblages at different tidal stages and different sites (with no interaction between these 2 main effects, Table 4 ). This was indicative of consistent differences in fish assemblages between tidal stages regardless of site. Pairwise comparisons indicated that the main differences were observed between high-flood and lowebb combinations of tidal stages. These results were confirmed by the individual CAPs for each site (Fig. 3) . At 2 sites (Punta Diego and Playa Blanca), low water and ebb tide samples were distributed to the left, whereas high water and flood tide samples aligned to the right of the CAP axis 1 (CAP1, Fig. 3 ). At Cocalito 2, low water samples were also distributed to the left, but ebb tides samples tended to be more separated by CAP2. At Cocalito 1, there was little separation between groups. The principal species for which significant correlations with 1 of the canonical discriminant axes were found were Thalassoma lucasanum, Kyphosus elegans and Halichoeres chierchiae (associated with low water and ebb tides), and Cephalopholis panamensis, Bodianus diplotaenia and Sufflamen verres (associated with high water and flood tides; Table 5 , Fig. 4 ).
Intertidal versus subtidal fish assemblage variation at high tide (Question 4)
A 2-way PERMANOVA testing site and zone returned significant main effects as well as a significant interaction between them (Table 6 ). The significant Site × Zone interaction is explained by the CAP ordination: although sites are discriminated along CAP2, and CAP1 generally separates subtidal samples from intertidal samples at all sites, the degree of intertidal/subtidal separation at Punta Diego and Cocalito 2 is much greater than seen at Playa Blanca and Cocalito 1 (Fig. 5a ). Overall leave-one-out allocation success for the CAP analysis was 89.6%, with few misallocations occurring between sites, and none between tidal zones. This indicates that while both site and tidal zone were strong and predictable determinants of fish high tide assemblage structure, between-zone differences within sites were stronger than those between sites.
Differences between both Cocalito sites and Punta Diego and Playa Blanca were attributed to differences in densities of Ophioblennius steindachneri and Microspathodon dorsalis. Most of the dissimilarities between Punta Diego and the rest of the subtidal sites were accounted for by Canthigaster punctatissima (Fig. 5b) .
Intertidal key fish species and effects of tidal stage on their counts (Question 5)
There were strong species correlations with the first canonical axis, corresponding to the separation of subtidal and intertidal assemblages (Fig. 5b) 4 species that were strongly correlated with intertidal assemblages at high tide (i.e. positively correlated with CAP1 of Fig. 5a ) also tended to be those that were associated with low water subtidal assemblages in earlier analyses (Table 5 ). This indicates that these species (Kyphosus elegans, Abudefduf concolor, Halichoeres notospilus and Microspathodon bairdii) make regular excursions to intertidal zones on the rising tide, returning to subtidal habitats as the tide ebbs. Log-linear model estimates of the difference between low tide and high tide counts of these 4 species (Fig. 6) Table 1 for full species names (indicated here with the first 3 letters of generic and species name, respectively)
DISCUSSION
This study shows that a high proportion of the fish species inhabiting shallow subtidal areas (> 70%) may use the adjacent rocky intertidal areas during inundation periods, but that certain species -especially highly mobile schooling species -may desert the subtidal reefs almost entirely at high tide and forage in the intertidal zone. This is similar to findings from mangrove creek systems of Brazil, where most of the species inhabiting adjacent subtidal habitats at low tide were later found in the intertidal creeks ). This strategy, classified by Gibson (2003) as intertidal migration, is found in both temperate and tropical intertidal areas (e.g. Kneib 1987 , Burrows et al. 1994 , Rangeley & Kramer 1995 , Faria & Almada 2006 . However it remains largely unknown how consistent these migrations are at different levels: among species within an assemblage, among individuals within populations and in individuals themselves (Pittman & McAlpine 2003) . The scarce evidence suggests the existence of at least 3 patterns at the population level:
(1) the movement of the whole population into a higher tidal level, (2) an up-shore spreading of the population (3) an ontogenetic separation of the population into migrant and non-migrant individuals each tide (Gibson 2003) , e.g. where only juvenile fish from a particular species migrate into the intertidal zone and sub-adult and adult fish stay in subtidal areas. We found 3 times more fish species entering rocky intertidal areas compared to similar studies carried out within the tropical eastern Pacific region (Lubchenco et al. 1984 , Vinueza et al. 2006 ), most probably due to a greater sampling intensity. However, similarities between the fish assemblage compositions of these studies were evident. In Taboguilla Island (Panama), Lubchenco et al. (1984) found 22 species in rocky intertidal shores that were common to the present study, except for 3 species (Balistes polylepis, Prionurus punctatus, Nicholsina denticulata). For the Galápagos Islands, Vinueza et al. (2006) reported 19 species at high tide in intertidal rocky shores with a predominance of species from Pomacentridae and Labridae. Fourteen of these species are shared with Utría. Among the 5 species that are not shared, Stegastes arcifrons, which is very abundant in the Galapagos, is likely replaced by its sister species, S. acapulcoensis, in Utría. This suggests that tidal migrations in rocky shores of the region are consistent in space and constitute an important and overlooked part of the homerange movements of a relatively high number of reef fish species.
Six different migratory categories for reef fishes in Utría were observed: (1) opportunistic benthic reef fish species of a broad size class spectrum who entered intertidal areas, (2) ubiquitous schooling species that moved from outside reefs into intertidal areas, belonging to the families Kyphosidae, Carangidae and Mugilidae, (3) small size classes of reef fish species that entered intertidal areas (i.e. Scaridae), (4) reef fish that moved up-shore from deeper reefs with the tides, but did not enter intertidal areas (i.e. Paranthias colonus), (5) reef fish that moved in the water column, not necessarily to intertidal areas, with tidal stage changes, and (6) intertidal resident species (i.e. Malacoctenus sp.). Similar divisions were drawn by Vivien (1973) for reef fishes off Madagascar where tidal responses were very variable among species. The assemblage was split into a 'permanent' portion that appeared unaltered by the tidal change, and a 'temporary' portion that moves to feed in shallow reef areas with the tides.
The spring/neap tide cycle has been shown to influence coastal fish assemblages at different levels . In mangroves of northern Brazil, clear relationships between spring tides and an increase in species richness, abundance and catch weight of fishes entering intertidal creeks were found. The results obtained in Utría -where the tidal regime is similar to northern Brazil -indicate that reef fish assemblages in intertidal and subtidal areas at day-249 . Mean density (+ SE) of the principal fish species responsible for differences between tidal stages at the 4 sites light were little affected by the spring/neap tide alternation. In Utría, a larger intertidal area available during spring tides did not attract more fishes. This may be reasonable in rocky shores of the tropical eastern Pacific, where prey or food resources for fishes are usually more abundant and concentrated in low intertidal areas (Lubchenco et al. 1984 ). Therefore, foraging in the upper intertidal zones, only available at spring tides and during a limited time, may not represent an advantage compared to low intertidal zones (Rilov & Schiel 2006 ). This highlights a major habitat-specific difference in the intertidal habitat use by fishes. For example, temporal patterns in intertidal mangrove use by fishes were explained by the greater inundated area and food accessibility in mangroves at spring tides in Brazil , Krumme & Liang 2004 . If it is considered that a large biomass of organisms (especially crabs) is concentrated in upper intertidal levels of mangroves (Koch 1999) , spring tides may provide fishes a very rich food source when accessing high intertidal areas. Consequently, we suggest that the vertical distribution of food resources in different intertidal habitats may influence the magnitude of spring-neap tide fish migrations to these habitats. We propose that the overall ecological significance of fish intertidal migrations in different system habitats (but subject to similar tidal regimes) may be dictated by the specific characteristics of each intertidal habitat. In rocky shores or sandy beaches, greater colonisation at spring tides may be a lower pay-off strategy for fishes due to relatively small inundated areas and intertidal 251 Table 1 Fig. 6 . Predicted subtidal counts (± SE) of 4 key fish species during high tide and low tide. Note that error bars are of unequal length around the point estimate because the SE are calculated on the log scale, and hence are multiplicative on the arithmetic scale prey resources concentrated in the lower eulittoral. In contrast, fishes on coasts with intertidal mangrove or saltmarsh system habitats may greatly benefit from stronger colonisation at spring tides due to relatively large inundated areas with dendritic creek systems and intertidal prey resources concentrated in the higher eulittoral (e.g. Brenner & Krumme 2007 , Krumme et al. 2008 ).
The results obtained for reef fishes in Utría indicate that these migrations are species-specific. This has also been found in mangrove fishes of Brazil (Brenner & Krumme 2007 , Krumme et al. 2008 . The small changes observed in the subtidal reef fish assemblage over the tidal cycle indicate that intertidal migrations were restricted to just a few species of the entire reef fish assemblage; and even more, to only one part of a population within these specific species. Similar results were obtained in mangrove systems of Florida by Ellis & Bell (2008) , where only 1 group of species (Eucinostomus spp.) showed clear tide-related movements. Using acoustic telemetry at Puget Sound (USA), Tolimieri et al. (2009) found different patterns in the movement behaviour and home range size of 3 fish species. The movement behaviour, however, was related to the diel and tidal cycles in the 3 species, with some of them moving at daylight on the flood tide, while others moved at night on the flood tide. Movements of entire populations from subtidal to intertidal areas, as found by Rangeley & Kramer (1995) in pollock (Pollachius virens, Gadidae) populations, were rare in Utría, although groups of the bumphead damselfish Microspathodon bairdii were found to regularly commute between distinct subtidal and intertidal sites.
Despite resource accessibility being restricted to immersion periods, the few common fish species entering intertidal areas may exert strong top-down control on rocky shore communities of the area as suggested by Lubchenco et al. (1984) . In Utría, species from herbivorous (i.e. Kyphosidae, Mugilidae, Scaridae) and carnivorous guilds (i.e. Labridae, Lutjanidae) were among the most common in intertidal areas and were observed feeding intensively there (G. A. Castellanos Galindo pers. obs). Further manipulative studies on these rocky shores are needed to determine the importance of fish predation in regulating macroalgae and invertebrate intertidal communities.
Although differences between the 4 sampling sites in Utría were detected, they were less strong than the subtidal/intertidal differences consistently observed among the 4 sampling sites. This indicates that the intertidal fish assemblage was comprised of a defined subset of subtidal species. The observed site differences in both subtidal and intertidal fish assemblages in Utría may be a consequence of the degree of wave exposure of the sites, as well as a function of small-scale differences in habitat (Santin & Willis 2007) . Wave exposure has been suggested to be a major factor shaping the structure of fish communities (Fulton et al. 2005) , and although it was not measured in this study, is likely to affect the fish community structure of rocky and coral reef areas of the region.
The variability in reef fish responses over tidal stages raises the question of whether tidal stages should be considered in reef fish monitoring in macrotidal areas. Surprisingly few studies have acknowledged the potential bias that fish censuses carried out at different times of the day or tidal stages may have (but see Kingsford & MacDiarmid 1988 , Thompson & Mapstone 2002 , Willis et al. 2006 , McClanahan et al. 2007 ). Small differences in overall fish assemblage structure, as determined by multivariate analyses, can mask large and predictable changes in the densities of individual species, especially where the dataset consists of many species and there are compositional differences among sites (Willis et al. 2006) . In New Zealand and Italy, Willis et al. (2006) found no significant differences in the reef fish assemblage structure at 3 different times during daylight hours. However, they did not sample over a complete tidal cycle. Nevertheless, they pointed out that if common species exhibit strong differences in activity patterns during the day due to tidal redistribution, for example, comparing counts taken at different tidal stages may result in significant bias. In our study, univariate analyses showed clearly that at Utría, counts of some common species that habitually use intertidal habitats may vary in relative density by more than 100% (much more for schooling species) between high and low tide. Thus, subtidal fish counts conducted at high tide may significantly underestimate the density of important species at local scales and introduce bias at the site level that increases the variance of counts across larger scales. Importantly, studies of the trophic structure of coastal systems could underestimate the extent of herbivory, for example, if schooling fishes forage extensively in intertidal zones. 252 Table 7 . Log-linear model estimates of differences in density between subtidal counts of key fish species at high tide and low tide expressed as ratios (low tide:high tide) with their 95% confidence limits (CL) and likelihood ratio statistics 
